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PURPOSE

The purpose of this memo is to present a summary of the acceptance level vibration testing
performed in Dec 1999 and Jan 2000 on the S/N 108, METSAT, AMSU-A2, Ref. 2 Instrument.

SUMMARY

The Ref. 2, S/N 108, METSAT, AMSU-A2 instrument was vibration tested to acceptance levels

per the Ref. 3 procedure and Ref. 1 shop order. The instrument withstood the 5.9 Grms
random vibration test, and the 13.1g sine burst test in each of the three orthogonal axes.

X-axis testing (nadir axis, perpendicular to baseplate) was performed first, with pre-random
and post-random low-level sine sweep responses showing some resonant frequency



degradation (up to 4 Hz). Sine burst produced no appreciable changes in response throughout
the instrument. The frequency changes induced by the random vibration run are minor and
acceptable, and are consistent with the instrument going through a "settling-in" phase. A
Limited Performance Test (LPT) was successfully performed after the X-axis vibration tests.

Y-axis vibration testing (velocity axis, in line with drive) contained one false start when the

chassis ground was lost during random vibration. After reworking the shorted area, instrument
testing was begun again and run without incident from the beginning low level sine sweep.

Frequency loss was minimal in the random vibration test (as well as the sine burst test, with 0
to 1 Hz frequency degradation seen throughout the structure (including the reflector). After
vibration, the LPT was performed, with the instrument passing the test.

Z-axis vibration tests, (sun axis, perpendicular to the drive and parallel to the baseplate) were
run without incident, with additional changes in response level and frequency (up to 5 Hz in

the reflector). However, the remaining frequency levels were quite comparable to Ref 4 (S/N
107) levels. The sine burst test, again in the Z-axis, produced no response changes. Post-

vibration inspection of the instrument, however, indicated that the reflector had translated

along its axis nearly 1/10 inch.

The suspect joint was shown to possess lower than expected breakaway torque, suggesting
the possibility of an improperly applied preload torque. The new joint incorporated a two step

torquing sequence, with a hold period used after tightening to 60 to 65 in-lb, to allow the joint
to come to an equilibrium state, and then applying the full 90 to 95 in-lbs

With re-established proper preload, both the X and Z axes test sequences were re-examined.
Starting with the more benign X-axis tests, on 11 Jan 2000, the same sine sweep, random,

sine sweep, sine burst, sine sweep progression was again utilized in the acceptance level re-
test. Results were very similar to the 03 December 1999 X-axis tests, with no more than 1 Hz
variation. An LPT was run with the instrument passing the test.

On 12 Jan 2000, the more significant Z-axis tests were re-run, with acceptable results

indicating minimal further frequency degradation (4-5 Hz maximum). Remaining natural
frequencies, however, are well above the 100 Hz requirement, with 136 Hz recorded in the Z-
axis responses. An LPT was run with the instrument passing the test.

Minimum resonant frequency remains above the 100 Hz level requirement (Ref. Paragraph
3.4.3.1 of Appendix E, METSAT Unique Performance Verification Requirements of the

Performance Assurance Requirements (PAR, GSFC S-480-79, Attachment D, Rev. A) with the
minimum recorded resonant frequency of 109 Hz.

Limited performance tests (LPT's) were successfully run after the first two axes of vibration
testing. After the final vibration axis (X) a more thorough sub-comprehensive performance test
(sub-CPT) was successfully run. Passing the sub-CPT signified the successful completion of

the S/N 108 A2 acceptance vibration testing.
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DISCUSSION

METSAT acceptance level testing was begun on the S/N 108 A2 assembly during the month

of Dec 1999, starting in the METSAT X-axis (nadir axis, perpendicular to baseplate). The

vibration acceptance test sequence, for each axis, per the Ref. 3 procedure was:

1. Low level sine sweep (0.25 g)

2. Acceptance level random vibration (5.9 Grms spec.)
3. Low level sine sweep (0.25g)

4. Acceleration/sine burst (13.1 g)
5. Low level sine sweep (0.25g)

Testing of the 1sttest axis, the X-axis, was completed without incident on 03 December 1999.

Some change in frequency response, (up to 4 Hz) was experienced throughout the structure.
At the reflector, a 1 Hz change was seen. These changes are minor and consistent with the

instrument "settling-in". See Table 1 for natural frequencies, calculated Q levels, and predicted
3_ loads. The natural frequencies are compared to Ref. 4, SIN 107 similar quantities. After X-

axis random vibration, and the sine burst test (no change in frequency associated with sine
burst test), a LPT was performed and was successful.

Y-axis vibration testing (velocity axis, in line with drive) followed on 06 December 1999. After
running the initial 1/, g sine sweep, the random vibration test was started. After progressing

uneventfully through the lower levels, at full acceptance level the signal return to the chassis
ground isolation was lost. Instrument testing was terminated, per Ref. 5. Locating the shorted

components (DRO shorted to shelf), repairing the DRO attachment joints, and then
reassembling the SIN 108 allowed the Y-axis testing to resume on 16 Dec 1999. The test
sequence was begun again with an initial ¼ g sine sweep run again, followed by a new 60
sec. random vibration. Frequency loss was minimal in the random vibration test (as well as the

sine burst test, with 0 to 1 Hz frequency degradation seen throughout the structure (including
the reflector). See Table 1 for natural frequencies, calculated Q levels, and predicted 3_ loads.

The natural frequencies for S/N 107 are presented in Table 1 for comparison purposes. After
vibration, the LPT was performed, with the instrument passing the test.

The Z-axis vibration tests, (sun axis, perpendicular to the drive and parallel to the baseplate)
were completed without apparent incident on 17 December 1999. Results showed through the

pre and post-random sine sweeps that additional changes in response level and frequency (up
to 5 Hz in the reflector) were evident. However, the remaining frequency levels were quite
comparable to Ref 4 (SIN 107) levels. The sine burst test, again in the Z-axis, produced no
response changes. See Table 1 for natural frequencies, calculated Q levels, and predicted 3_

loads. Predicted frequencies for S/N 108 are again quite similar to the S/N 107, X-axis, post-

acceptance test results.

Post-vibration inspection of the instrument identified a significant problem, that during the Z-
axis tests, the reflector had translated along its axis nearly 1/10 inch. This left the reflector with

only a 0.045 inch gap to the compensator panel, while the clearance to the motor panel grew

to 0.219 in. By specification, the gaps need to be within 0.030 in of one another. FAR 220
(Ref. 6) was assigned to investigate the anomaly and correct this problem. Ref. 6 was unable
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to come up with conclusive evidence that could identify a root cause, however, the suspecting
problem was thought to be an inadequate hub clamping force. To this end, the hub clamp was

replaced and improved torquing procedures were introduced (see Ref. 6) with the replacement
hub clamp.

The suspect joint was shown to possess lower than expected breakaway torque, suggesting
the possibility of an improperly applied preload torque. The new joint incorporated a two step

torquing sequence, with a hold period used after tightening to 60 to 65 in-lb, to allow the joint
to come to an equilibrium state, and then applying the full 90 to 95 in-lb.

Per NASA direction, both the X and Z axes test sequences were to be re-examined. Starting

with the more benign X-axis tests, on 11 Jan 2000, the same sine sweep, random, sine

sweep, sine burst, sine sweep progression was again utilized in the acceptance level re-test.
Comparing the Jan 11 X-axis frequency results to the initial Dec 03 X-axis evaluations, in
Table 1, show little difference (1 Hz). An LPT was run with the instrument passing the test.

On 12 Jan 2000, the more significant Z-axis tests were re-run. Table 1 frequency comparisons
with the initial Z-axis 17 Dec 1999 test results show a small additional frequency degradation

throughout the instrument of 4 to 5 Hz. Remaining natural frequencies, however, are well
above the 100 Hz requirement, with 136 Hz recorded. An LPT was run with the instrument

passing the test.

Sample calculations of the Table 1 predicted loads at full level (-0 dB) random vibration, using

Miles' equation with low level sine sweep amplification factors, are shown for Accel#A7Z for Z-
axis test data, Z response. For SIN 108,

Peak 3(_ = 3 x [ (=/2)(PSD)(fn,)(Q) ]1,2

= (3) [ (_/2) (0.037) (137)(40.9) ]1/2

= 54.3 g's

RESULTS

Table 1 displays sine sweep data, for the motor, the structure, and the reflector, for all
vibration sequences. In Table 1, for each accelerometer, the 1stapplicable natural frequency

and transmissibility are listed, along with the PSD level of the random vibration spectrum at fnl,
and the peak 3(_ load (determined via Miles equation). Refs. 4 frequencies are listed for

comparison.

As an appendix to this report, the complete list of acceleration and power spectral density

(PSD) plots at all response locations, is included.
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CONCLUSIONS and RECOMMENDATIONS

The Ref. 2, S/N 108, METSAT, AMSU-A2 Instrument successfully met the acceptance level

vibration requirements of Ref. 3. Minimum resonant frequency remains above the 100 Hz level

requirement (Ref. Paragraph 3.4.3.1 of Appendix E, METSAT Unique Performance

Verification Requirements of the Performance Assurance Requirements (PAR, GSFC S-480-

79, Attachment D, Rev. A) with the minimum recorded resonant frequency of 109 Hz. The hub

clamp problems exhibited in the 17 Dec 1999 Z-axis tests were solved and demonstrated by

the 12 Jan 2000 re-run Z-axis tests where essentially no reflector translation was exhibited. It

is recommended to accept the A2 SIN 108 instrument.

R.J,H_ffner t t

Mechanical Design and Ar_l_is

C:\My Documents\amsual\a2vib-sn 108-2000-#200.doc

C:\My Documents\amsual\metsata2-snl08.xls
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Table 1 AMSU -A2 METSAT Acceptance Level Test Data Miles' Equation w/¼ g Sine Sweep

X-Axis Sine Sweeps (03 Dec 99)

SIN 108 1st fn

Accel Location Accel (Hzi Q

Random Peak SIN 107"

PSD 3_ 1st fn

Level Load (Hz)

2nd Refl. Hsg. 1 17X 131 1.5 0.032 9.4 132

2 17X 134 1.4 0.035 9.6 132

3 17X 135 1.4 0.035 9.7 132

Top Panel 1 6X 198 2.2 0.050 17.5 205

2 6X 196 3.3 0.050 21.4 204

3 6X 196 3.4 0.050 21.7 204

Reflector 1 A7X 136 17.5 0.036 35.0 133

2 A7X 137 16.6 0.050 40.1 133

3 A7X 137 15.9 0.050 39.2 133

*Ref. 4 METSAT S/N 107 Acceptance Unit Responses.

-- Y-Axis Sine Sweeps (06 Dec 99) Random Peak

SIN 108 1st fn PSD 3_

Accel Location Accel (Hz) Q Level Load

2nd Refl. Hsg. 1 17Y 109 27.7 0.017 27.2

Top Panel 1 6Y 109 15.2 0.017 20.2

Reflector 1 A7Y 159 54.7 0.050 78.4

S/N 107*

1st fn

(Hz)

111

110

161

Reflector 1 A9Y 159 55.3 0.050 78.8 161

Motor 1 20Y 109 42.8 0.017 33.9 111

*Ref. 4 METSAT S/N 107 Acceptance Unit Responses.
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Y-Axis Sine Sweeps (16 Dec 99)

SIN 108 1st fn

Accel Location Accel (Hz) Q

Random

PSD

Level

2nd Refl. Hsg.

Peak

3_

Load

Top Panel

S/N 107"

1st fn

(Hz)

Refector

1 17Y 109 27.7 0.017 27.2 111

2 17Y 109 28.6 0.017 27.7 109

3 17Y 109 27.5 0.017 27.1 109

Reflector

1 6Y 109 15.2 0.017 20.2 110

2 6Y 109 15.6 0.017 20.4 109

3 6Y 109 15.3 0.017 20.2 109

Motor

1 A7Y 160 52.4 0.050 77.0 161

2 A7Y 160 58.7 0.050 81.5 160

3 A7Y 160 58.5 0.050 81.3 160

1 A9Y 160 48.3 0.050 73.9 161

2 A9Y 160 53.8 0.050 78.0 160

3 A9Y 160 31.0 0.050 59.2 160

1 20Y 109 37.1 0.017 31.5 111

2 20Y 109 38.1 0.017 31.9 109

3 20Y 109 36.5 0.017 31.3 109

Peak

3_

Load

-- "Ref. 4 METSAT S/N 107 Acceptance Unit Responses.

Z-Axis Sine Sweeps (17 Dec 99) Random

SIN 108 1st fn PSD

Accel Location Accel (Hz) Q Level

S/N 107"

1st fn

(Hz)

2nd Refl. Hsg. 1 17Z 144 10.9 0.044 31.2 143

2 17Z 141 9.9 0.041 28.4 141

3 17Z 141 9.7 0.041 28.2 141

Top Panel 1 6Z 144 9.1 0.044 28.5 143

2 6Z 141 8.4 0.041 26.2 141

3 6Z 141 8.3 0.041 26.0 141

Reflector 1 A7Z 144 133.7 0.044 109.4 148

2 A7Z 142 165.0 0.042 117.9 146

3 A7Z 142 151.0 0.042 112.8 146

82.6

87.9

83.2

Refle_or 1 A9Z 166 58.1 0.050

2 A9Z 161 67.9 0.050

3 A9Z 161 60.8 0.050

*Ref. 4 METSAT S/N 107 Acceptance Unit Responses.
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X-Axis Sine Sweeps (11 Jan 00)

SIN 108

Accel Location Accel

__2nd Refl. Hsg.

1st fn Q

Random

PSD

Level

Peak

3_

Load

SIN 107"

1st fn

(Hz)

1 17X 134 1.3 0.035 9.2 132

2 17X 133 1.3 0.034 9.1 132

3 17X 134 1.3 0.035 9.2 132

i

i =_--

Reflector 1 A7X 136 14.3 0.036 31.6 133

2 A7X 136 14.5 0.036 31.8 133

3 A7X 136 14 0.036 31.3 133

Baseplate 1 12X 197 3.7 0.125 35.9 208

2 12X 196 2.9 0.123 31.4 207

3 12X 196 3.0 0.123 32.0 207

i; _ ,Ref. 4 METSAT S/N 107 Acceptance Unit Responses.

...... =._. :.

' !_ Z-Axis Sine Sweeps (12 Jan 00)

SIN 108

: _-Accel Location Accel

1st fn

(Hz) Q

Random

PSD

Level

Peak

3_

Load

S/N 107"

1st fn

(Hz)

2nd Refl. Hsg. 1 17Z 137 7.3 0.037 23.0 143

2 17Z 135 9.8 0.035 25.8 141

-- 3 17Z 136 9.2 0.036 25.4 141

1 6Z 137 6.3 0.037 21.3 143

2 6Z 135 8.5 0.035 24.0 141

3 6Z 136 7.9 0.036 23.5 141

Top Panel

Reflector 1 A7Z 137 40.9 0.037 54.3 148

2 A7Z 136 135.2 0.036 97.2 146

3 A7Z 136 128.8 0.036 94.9 146

Reflector 1 A9Z 163 61.1 0.050 83.9 165

2 A9Z 157 61 0.050 82.3 162

3 A9Z 157 67.5 0.050 86.6 162

*Ref. 4 METSAT S/N 107 Acceptance Unit Responses.
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